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Summary 
This mini-review aims to summarize some of 
our recent findings relating to testicular func-
tion and feedback cont ro l of the hypotha lamic-
pi tui tary axis by testicular steroids in rams and 
bulls. Tes tos te rone secretion in intact males is 
not tonic, but is characterized by episodic 
pulses. This pa t te rn of secretion is d ic ta ted by 
inputs of the central nervous system via secre-
t ions of the hypo tha lamus (luteinizing hor-
mone-releasing h o r m o n e ; LHRH) and anter ior 
pi tui tary (luteinizing h o r m o n e ; LH). A tem-
poral relationship exists between concentra-
t ions of LH and tes tos terone in serum and 
evidence is presented that strongly suggests that 
their episodic secretion is dependent on discrete 
episodes of LHRH discharge from the hypo-
thalamus. Based on data from exper iments with 
rams and bulls, I suggest that acutely castrated 
males (bu t no t chronic castrates) remain sus-
ceptible to the negative feedback effects of 
tes tos terone, i.e., LH concent ra t ions remain 
suppressed in serum of animals given testos-
terone replacement therapy immediately fol-
lowing castrat ion. Estradiol-17j3, on the other 
hand , abolishes pulsatile LH release and sup-
presses mean LH concent ra t ions in bo th acute 
and chronic castrates. Therefore , tes tosterone 
feedback on LH secretion may , in part , involve 
extragonadal conversion to estradiol-17j3 to 
block pulsatile LHRH release. The po ten t 
inhibi tory effects of estradiol on LH secretion 
provide an exper imenta l probe for future in-
vestigations relating t o mechanisms controll ing 
male reproduc t ion . 
(Key Words; Hypo tha l amus , Pi tui tary, Testicu-
lar Steroids, Negative Feedback. ) 
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Introduction 
Despite the need for efficient reproduct ion 
by males and the impor tan t contr ibution males 
make to propagation of the species, limited 
informat ion has been accumulated on the basic 
physiological mechanisms that regulate repro-
ductive processes in males. This is true for 
domest ic species, particularly rams and bulls. 
Livestock product ion contr ibutes substantially 
to the economic stability of agriculture in this 
coun t ry ; therefore, a bet ter understanding of 
those factors contr ibut ing to the reproductive 
success or failure in these species is warranted. 
A number of reproduct ive characteristics are 
quantifiable in males, however, it seems that 
the testes should be of pa ramount impor tance . 
Two major functions of the testis include 
androgen biosynthesis by the interstitial cells 
and sperm product ion within the seminiferous 
tubules . Al though these two functions are 
segregated anatomical ly, intercellular communi-
cation exists between them. Recent reviews 
have been prepared on quanti t iat ive aspects of 
spermatogenesis (Amann , 1981) and regulation 
of the hypothalamic-pi tui tary seminiferous 
tubule axis by inhibin (Setchell et a l , 1977). 
Therefore, this paper will review our current 
unders tanding of tes tos terone secretion and the 




The anterior pi tui tary through its secretion 
of the gonadot ropins , luteinizing h o r m o n e (LH) 
and follicle st imulating ho rmone (FSH) partic-
ipate in regulation of testicular function. The 
anter ior p i tu i ta ry , itself, is regulated by inputs 
from the central nervous system, which are 
coordinated via the hypothalamic secretion of 
luteinizing h o r m o n e releasing h o r m o n e ( L H R H ; 
also referred to as GnRH) . The interrelation-
ships of hypo tha lamus , pi tui tary and testis are 
schematically presented in figure 1. 
Testicular steroidogenesis depends on con-
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t inuous suppor t from the pi tu i tary in the form 
of LH. This gonadot rop in binds to specific 
receptors on the plasma membrane of Leydig 
cells t o activate adenyl cyclase. This enzyme 
catalyzes the conversion of ATP to cAMP, 
which serves as a second messenger to activate 
a cytoplasmic protein kinease tha t is responsi-
ble for the conversion of cholesterol t o sex 
steroids, primarily tes tos terone (Neaves, 1975). 
The remainder of this repor t will deal wi th the 
interrelat ionships be tween inputs of the hypo-
thalamus (i.e., L H R H ) , LH secretion and feed-
back control of the hypothalamic-pi tu i ta ry 
axis by testicular steroids. 
Hypothalamic Control 
of Testosterone Secretion 
Testosterone secretion in intact males is no t 
tonic , but is characterized by episodic pulses. 
This pat tern of secretion varies from one ani-
mal to the next and is p robably a funct ion of 
age, reproduct ive s tatus , heal th , external en-
vironment and o ther unidentif ied factors 
(Schanbacher and Ford , 1977; Lincoln, 1978; 
Lacroix and Pelletier, 1979a ,b ; Schanbacher , 
1980a). Diurnal r hy thms in serum tes tos terone 
are no t evident in rams or bulls (Falvo et al., 
1975). 
Several investigators have repor ted a tem-
poral relat ionship be tween secretory episodes 
of LH and tes tos terone with a lag period of 
approximate ly 60 min be tween peak concen-
trat ions (Katongole et al., 1 9 7 1 , 1974 ;Sanfo rd 
et al., 1974; Schanbacher and Ford , 1976; 
Lincoln et al., 1977 ; Schams et al., 1978 ; 
D'Occhio et al., 1982b) . The ability of iv injec-
tions of either LH or LHRH to induce normal 
surges of tes tos terone in serum (Thibier , 1976 ; 
Schanbacher and E c h t e r n k a m p , 1978 ; Schan-
bacher, 1979a, 1980b) has provided supplemen-
tary evidence tha t pulsatile tes tos terone secre-
tion is the result of a pulsatile pa t t e rn of L H R H 
secretion from the hypo tha lamus . Fu r the r evi-
dence for this conclusion is i l lustrated in figure 
2, wherein striking similarity exists for the 
naturally occurring LH-testosterone episode ob-
served in an intact bull (figure 2A) and the LH-
tes tos terone episodes that have been induced 
by an injection of synthe t ic L H R H (figure 2B). 
Based on these data I suggest t ha t an intermit-
tent pa t tern of LH secretion is d ic ta ted by a 
similar pa t te rn of LHRH secretion by the h y p o -
thalamus. Indeed, L H R H concen t ra t ions in 
blood taken from pi tui tary por ta l vessels of 
rhesus monkeys (Carmel et al., 1976) and rats 
Figure 1. Hypothalamic-pituitary control of tes-
ticular function. Gonadotropin releasing hormone 
(GnRH) from the hypothalamus mediates pituitary 
release of LH and FSH, which in turn binds to specific 
membrane receptors on Leydig cells and Sertoli cells, 
respectively. Testicular secretions (testosterone and 
estradiol from Leydig cells and inhibin from Sertoli 
cells) act on the brain and anterior pituitary, where 
they exert control of gonadotropin release via negative 
feedback mechanisms. Testosterone also facilitates 
spermatogenesis by binding to cytoplasmic receptors 
in the Sertoli cells of the seminiferous tubules. 
(F ink and Jamieson , 1976) varies in a pulsatile 
manner . 
Lincoln and Frazer ( 1 9 7 9 ) s tudied the im-
por tance of neural inputs from the hypothala-
mus indirect ly b y neutral izing LHRH secretion 
with L H R H ant ibodies . Passive immuniza t ion 
of in tac t Soay rams wi th L H R H ant iserum re-
sulted in an immedia te blockage of the episo-
dic f luctuat ions of b o t h LH and tes tos terone . 
Similar observat ions have been made for ram 
lambs (Schanbacher , 1982) and for bull calves 
(B. D. Schanbacher , unpubl i shed data) follow-
ing active immuniza t ion against L H R H . Failure 
of these lambs and calves to respond to exogen-
ous L H R H showed tha t L H R H immunoneut ra l -
ization provides a physiological block to the 
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Figure 2. Luteinizing hormone (o) and testosterone (•) concentrations in serum of a mature bull during a 
14-h intensive bleeding period (A) and another mature bull injected iv every 4 h with 1,000 ng of LHRH (B). 
(From Schanbacher and D'Occhio, 1982). 
that illustrate the biological consequences of 
LHRH immuniza t ion in lambs are presented in 
table 1. Note the marked reduc t ion in testicu-
lar weight, the low to nonde tec tab le concentra-
t ions of LH, FSH and tes tos terone in serum and 
the lack of LH release in response to exogenous 
LHRH. 
The above results clearly demons t ra te the 
t empora l relat ionship that exists be tween serum 
concent ra t ions of LH and testosterone and pro-
vide evidence that their episodic secretion is 
dependent on secretory episodes of LHRH 
from the hypotha lamus . 
Regulation of LH Secretion 
by Testosterone 
Luteinizing ho rmone is the principal regula-
to r of testicular steroidogenesis; however, the 
TABLE 1. PAIRED TESTES WEIGHTS AND CONCENTRATIONS OF LH, FSH AND 
TESTOSTERONE IN SERUM OF RAM LAMBS IMMUNIZED AGAINST 
LUTEINIZING HORMONE RELEASING HORMONE (LHRH) 













250 ng LHRH, 
ng/ml 
342 ± 21 
318 t 21 
68 + 26** 
2.0 ± .2 
2.1 t .02 
.6 ± .04** 
12.8 + 2.7** 
101 ± 9 
81 ± 10 
56+ 3** 
376 ± 28** 
2.4 ± .5 
2.3 ± .3 
.3 ± . 1 * * 
.3 ± . 1 * * 
8.5 ± 1.1 
8.1 ± 1.6 
.2 ± . 1 * * 
13.4 ± 2.3** 
aValues are means ± SE. 
"Different from intact group (P<.01). 
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Figure 3. Luteinizing hormone (•) and testosterone (o) profiles in serum of two wethers bled at 10-min 
intervals for 24 h, 6 wk after castration. (From D'Oechio et al., 1982b.) 
amoun t of LH required to maintain adequa te 
serum testosterone is less than the animal is 
capable of secreting (Neaves, 1975). Feedback 
inhibit ion by gonadal steroids forms an inte-
gral part of the hypothalamic-pi tui tary- tes t icu-
lar axis in males (Lipset t , 1979; Schanbacher , 
1980c; Santen, 1981) and provides a plausible 
explanat ion for the major differences in LH 
secretory pa t te rns be tween castrate and in tact 
males. Because tes tos terone is quanti tat ively 
the most impor tan t h o r m o n e secreted by the 
testis (Ewing and Brown, 1977) , it seems rea-
sonable to assume that this steroid is largely 
responsible for the pa t te rn of LH secretion in 
intact males. This hypothesis was recently 
tested by moni tor ing the LH secretory pa t te rn 
of intact rams and comparing them with those 
of castrate rams given tes tos terone rep lacement 
therapy (D'Oechio et al., 1982b) . Castrate ani-
mals showed frequent , r hy thmic pulses of LH 
(figure 3) , whereas intact animals showed infre-
quent pulses of LH that occurred episodically 
(figure 4) . These profiles are similar t o those 
repor ted previously for castrate (Riggs and Mal-
ven, 1974) and in tact rams (Katongole et al., 
1974; Sanford et al., 1974 ; Galloway and Pelle-
tier, 1975 ; Schanbacher and Ford , 1976; Lin-
coln, 1976). Secretory profiles for castrate rams 
implanted with Silastic capsules containing 
tes tos terone are shown in figure 5. The im-
plants no t only provided normal physiological 
concent ra t ions of tes tos terone in blood (2 .01 
± .09 vs 2.25 ± .49 ng/ml of serum for im-
planted castrate and in tact con t ro l rams, respec-
tively), bu t suppressed mean serum LH concen-
t ra t ions (2.2 ± .8 ng/ml) to those values ob-
served in in tact rams (2.1 ± .2 ng/ml) . In spite 
of these similarities, tes tos terone implanted 
castrates, like intact rams, were variable with 
regard to number of LH secretory episodes 
exhibi ted per 24 h. These data indicate that 
tes tos te rone is the testicular steroid responsible 
for feedback regulat ion of LH secretion in 
rams. 
Regulation of LH Secretion by Androgenic 
and Estrogenic Metabolites 
of Testosterone 
Testos terone may be the secretory p roduc t 
of the testis responsible for feedback regulation 
of LH secret ion, bu t systemically and (or) cen-
trally produced androgenic and estrogenic 
metabol i tes may media te the suppressive effects 
of tes tos terone on LH (Baird et al., 1968 ; 
Santen , 1981). Enzymes tha t metabol ize testos-
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Figure 4. Luteinizing hormone (•) and testosterone (o) profiles in serum of three rams bled at 10-min inter-
vals for 24 h. (From D'Occhio et al., 1982b.) 
te rone to Sa-reduced and aromatized steroids 
(figure 6) are present in the brain of males in 
areas that are associated wi th gonadot rop in 
secretion (Naftolin et al., 1975 ; Callard et al., 
1978). F u r t h e r m o r e , these same areas contain 
specific receptors that bind androgens and 
estrogens wi th high affinity (MacLusky and 
Clark, 1 9 8 0 ; M c E w e n , 1980) . 
Several studies have been conduc ted using 
rats (Swerdloff et al., 1972; Eldridge and 
Mahesh, 1974) or humans (Santen, 1975 ; 
Winters et al., 1979a,b) t o test the susceptibil-
ity of LH secretion to 5a-reduced androgens 
and estrogens. Conclusions from studies with 
these species indicate that bo th 5a-dihydro-
tes tos terone and estradiol-17/3 are po ten t inhib-
itors of LH secretion. Studies in sheep (Schan-
bacher and Ford , 1977; Parrott and Davies, 
1979) and catt le (D 'Occhio et al., 1982a) have 
shown a po ten t , inhibi tory effect of estradiol-
17/3, bu t have left some uncer ta in ty regarding 
the proposed role of 5a-dihydrotes tos terone. 
A recent s tudy with steers (D'Occhio et al., 
1982a) demons t ra ted the impor tance of estra-
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diol-17/3 as a regulator of LH secretion. Angus 
calves that had been castrated at bir th were in-
fused with one-of-four different steriods at 
approximately 10 m o of age. Each steroid was 
infused at a rate that would cause a blood 
concentra t ion equal or exceeding levels nor-
mally associated with intact bulls. Neither 
tes tos terone, 5a-d ihydrotes tos te rone nor 
estrone affected the LH secretory profiles of 
these steers (figure 7). Secretion of LH con-
tinued in the pulsatile manner characterist ic of 
long-term castrates. On the other hand , estra-
OH 
5 a - r e d u c t a 3 e A r o m o f a s e 
5*-Dhydrotestosterone Estradiol -17/3 
Figure 6. Metabolic conversion of testosterone to 
5a-dihydrotestosterone and estradiol-17(3. 
diol-17/3 abolished pulsatile LH release and 
suppressed mean LH concent ra t ions in these 
animals (figure 8) . Steers infused with estradiol-
17/3 released LH normally in response to an iv 
injection of LHRH. Thus , LH release was prob-
ably blocked at the level of the hypo tha l amus 
and no t the pi tu i tary per se. Al though the ques-
tion arises from this s tudy as t o whe the r long-
term castrates are suitable models for the s tudy 
of acute androgen feedback (McCarthy and 
Swanson, 1976; Resko et al., 1977 ; Schan-
bacher, 1981a), negative feedback by estradiol-
17/3 has been demons t ra ted in castrate males 
of o ther farm animal species (Parrot t and 
Davies, 1979) . Data presented above are con-
sistent with the view tha t in the male bovine, 
estradiol-17/3 exerts negative feedback at the 
level of the h y p o t h a l a m u s to block pulsatile 
LHRH release. 
Estradiol-17/3: 
Puberty in the Male Bovine 
Ini t ia t ion of spermatogenesis and sexual 
matura t ion (i.e., pube r ty ) in bulls is a slow 
developmental process associated with in-
creasing concent ra t ions of LH, FSH and testo-
s terone in blood (Karg et al., 1976; Schams et 
al., 1 9 7 8 ; Schanbacher , 1979b) . Impor t an t 
in teract ions exist be tween pi tu i tary sensitivity 
to LHRH and gonadal steroid feedback (Odell 
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Figure 7. Representative LH profiles for chronic castrate steers infused iv for 12 h with vehicle, estrone, 
5a-dihydrotestosteronc and testosterone. Pituitary lesponsc to LHRH (1.000 ng iv) was determined at the end 
of the infusion period (•). (From D'Oechio et al., 1982a.) 
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Figure 8. Profiles of LH secretion in five chronic castrate steers infused iv for 12 h with estradiol-17/3. Pitui-
tary response to LHRH (1,000 ng iv) was determined at the end of the infusion period (•). (From D'Occhio et 
al., 1982a.) 
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Figure 9. Changes in testicular diameter in young 
bull calves implanted with estradiol-17(3 at 26 wk of 
age. Note the rapid testicular growth immediately fol-
lowing implant removal. 
Lacroix and Pelletier, 1979a; Schanbacher, 
1981b) to de termine age at puber ty . Al though 
controversy persists regarding the ability of 
young bulls to respond to exogenous LHRH 
during the prepuberta l -puberta l period (Mong-
konpunya et a l , 1975 ; Tannen and Convey, 
1977; Kesler and Garverick, 1977; Chantara-
prateep and Thibier, 1979), an increase in 
episodic LH activity may be responsible for the 
testicular development that then initiates pu-
ber ty (Lacroix and Pelletier, 1979a,b). From 
these results and the assumption that episodic 
LH release is the result of an episodic pat tern 
of LHRH release from the hypotha lamus , it 
can be hypothes ized that endocrine events 
associated with puber ty in bulls are initiated at 
the level of the central nervous system. 
Recent ly , a limited number of exper iments 
were conducted to test the above hypothesis 
and determine the impor tance of episodic LH 
activity during puber ta l development in beef 
bulls. Young bulls were implanted with estra-
diol- 17(3 at dosages known to knhibit hypo-
thalamic LHRH activity and episodic LH re-
lease (Schanbacher , 1981b). Figure 9 shows the 
effectiveness by which this t rea tment delays 
testicular growth and also suggests that the 
inhibi tory effects of estradiol are acute because 
implant removal results in the immedia te restor-
at ion of testicular growth. This growth is 
temporal ly associated with increased episodic 
LH activity (Schanbacher , 1981b) . 
To ensure tha t the inhibi tory effects of 
0 loJ . — , — , — , — ^ — , — , — , — , — , — , — , i — i — . — i — r — i — i — i — i — i — i — i — i i — i — i — i — . — i — , — i — i — . — i — i — i 
0 6 0 0 1200 1800 1200 1800 1200 1800 
TIME OF DAY(h) 
Figure 10. Serum LH (•) and testosterone (—) profiles in three bull calves implanted with estradiol-17|3 
immediately before (left panel), 4 wk (middle panel) and 8 wk (right panel) after continuous pulsatile infusion 
of LHRH (500 ng/h iv). The calves were 34, 38 and 42 wk of age during the three sampling periods. (From 
Schanbacher et al., 1982.) 
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TABLE 2. PAIRED TESTES WEIGHT AND TOTAL DAILY SPERM PRODUCTION (TDSP) IN 
CONTROL BULLS, ESTRADIOL-IMPLANTED BULLS AND ESTRADIOL-IMPLANTED 
BULLS INFUSED HOURLY WITH 500 NG OF LUTEINIZING HORMONE 
RELEASING HORMONE (LHRH)
Paired Total daily 
testes weigh t, sperm production. 
Treatment o X 10' 
Control bulls 352 b ± 2 6 b 3.3 ± . 9
Estradiol-implanted bulls 105 ± 14c 0 
Estradiol-implanted bulls, LHRH-infused bulls 254 i 12<1 C 1.2 ± , 3
Values are means ± SE for three calves 10 mo of age. 
, , c '^Means within column without a common superscript differ (P<.05). 
estradiol were at the hypo tha lamic level and 
not at the level of the pi tui tary and (or) testes, 
a second exper iment (Schanbacher et al., 1982) 
was conducted whereby calves implanted wi th 
estradiol were administered exogenous L H R H 
in termi t ten t ly for a period of 8 wk. Figure 10 
shows the endocr ine profiles for three im-
planted calves immediately before (left panel) , 
4 wk after (middle panel) and 8 wk after (right 
panel) hourly pulsatile injection of 500 ng of 
LHRH. As in the first exper iment , episodic LH 
activity was not apparent in calves implan ted 
with estradiol. However, pulse infusion of 
LHRH in these calves resulted in a r hy thmic , 
pulsatile secretory pa t t e rn for LH. The secre-
tory profiles of LH and tes tos terone were simi-
lar after 4 and 8 wk of LHRH t r ea tmen t with 
mean serum concent ra t ions increased over 
those of estradiol- implanted, saline-infused con-
trol calves (LH:3 .4 vs 1.8 ng/ml ; t es tos te rone : 
13.0 vs .3 ng/ml) . The effects of estradiol and 
saline or L H R H t rea tment on testes weight and 
total daily sperm produc t ion are shown in table 
2. Not only did estradiol t r ea tment restrict 
testicular growth , bu t sperm produc t ion was 
not evident. Pulsatile adminis t ra t ion of L H R H 
resulted in episodic LH release, enhanced 
tes tosterone secretion and ini t iat ion of sperma-
togenesis in bull calves t reated with estradiol. 
Therefore, hypotha lamic inputs appear neces-
sary for the occurrence of endocr ine events 
associated with puber ty in bull calves. Sec-
ondly, estradiol implants provide an experi-
mental probe for future investigations aimed at 
unders tanding the mechanisms controll ing re-
product ion in males. 
This review describes the close t empora l 
relationship tha t exists be tween secretions of 
the hypo tha l amus , pi tui tary and testis of rams 
and bulls. The testicular responses t o exogenous 
LHRH and biological consequences of LHRH 
immunoneu t ra l i za t ion suggest that the hypo-
tha lamus is primarily responsible for normal 
testicular funct ion. The endocr ine and exocr ine 
functions of the testis appear to be regulated 
by steroid feedback inhibit ion of gonadot rop in 
secretion at b o t h hypo tha lamic and pi tui tary 
levels. 
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